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) and implies the mutual annihilation within (P + ...C 60 -) pair. The persistent contribution is found to be excitation intensity independent and proposed to originate from deep traps due to disorder.
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Introduction
Photoinduced electron transfer in composites of conjugated polymers and fullerenes is a recently discovered phenomenon on which the photovoltaic action of the electronic devices is based [1, 2] . The charge transfer occurs within subpicosecond range and the separated state is metastable. This may be described as superfast formation of pairs of (D + ...A -) -type which have a high rate of dissociation and low rate of recombination. The analysis of the lineshape of the previously reported LESR signals [1] is difficult due to the their strong overlap. Further, the assignment of the particular LESR signal to radical anions or radical cations requires the knowledge of g-factors. To get a closer look to photoxcitations in conjugated polymer/fullerene composites we performed systematic LESR studies.
Experimental
We used a Bruker EMX (X-Band) ESR spectrometer with variable temperature cryostats. In the following, the ESR signal will be referred to as: "dark" signal, "light-on" signal, "light-off" signal and "annealed" signal, respectively. Polymer reported here was: poly(2-methoxy-5-(3',7'-dimethyloctyloxy)-1,4-phenylene vinylene) (MDMO-PPV) which is soluble in xylene at elevated temperatures. The preparation and characterization of 1-(3-methoxycarbonyl)-propyl-1-phenyl-(6,6)C 61 (denote as PCBM) is described elsewhere [3] . C 60 (99.5%) was purchased from MER Corp. We studied films made of following composites: MDMO-PPV/PCBM (1:3 weight ratio), MDMO-PPV/C 60 (3:1).
Results and discussion
Neither a "dark" ESR, nor LESR signals have been found in films of pure MDMO-PPV in the temperature range of 77-300K and at excitation power between 0.5 to 100mW. No "dark" ESR signal can be found in PCBM film, too. A dramatic enhancement of the LESR is observed when mixing both substances together. Two overlapping LESR lines with microwave power dependent intensities are observed. Fig. 1 shows an LESR spectrum of MDMO-PPV/C 60 at three values of the microwave power. By applying the microwave power of 200mW one can almost suppress the low-field LESR line due to microwave saturation (upper curve in Fig. 1 ). In contrast, the intensity of the high-field LESR signal vanishes to zero at 20µW. Thus, the different saturation behaviour enables us to separate two overlapping LESR lines from different paramagnetic species and to determine the individual g-values as g=2.0025 and g=1.9995. When the excitation light is switched off, the intensity of ESR signals in conjugated polymer/fullerene composites decrease significantly, but not completely. Therefore, we distinguish between the prompt component of LESR, which disappears after the light is off, and the persistent component, which remains for hours at low temperatures after the illumination is off. The persistent component, however, can be eliminated when one heats the films to room temperature (annealing). Prompt components of the two LESR signals are plotted in Fig. 2 as a function of the intensity of the excitation light. The prompt LESR components originate from nearly equal amount of spins and show the I 0.5 power dependence on the intensity of excitation light for both LESR lines (see Fig. 1 ). Hence, we may conclude that the two photoinduced charges annihilate each other with bimolecular dynamics. In contrast, the persistent component is nearly independent on the intensity of previously applied light. The g-factor below 2 is supposed to be a distinct ESR feature of ) the two unpaired spins (1/2 each) are interacting. This is apparently the case in a number of fullerene containing salts, such as TDAE-C 60 , where one ESR signal with the mean value of gfactors is observed instead of two ESR signals. [4, 5] . In conjugated polymer/fullerene composites we did not find any difference in the lineshapes and g-factors despite of large variation of the relative concentrations of conjugated polymers and fullerenes from 1:3 to 3:1. On the other hand, the vast majority of the photoinduced spins are created as geminate pairs in close proximity which should interact with each other, either by exchange or by dipolar mechanisms. Since we do not see any of these interactions, it is safe to conclude that the mobile polarons on the conjugated polymer backbone are moving away from the fullerene anions in a timescale faster than above mentioned exchange times, i.e. t< 10 -9 s. This rapid spatial separation of the photoinduced charges is proposed to be responsible for the unusual long lifetime of the charge separated state in these systems. It is remarkable that the LESR line for the fullerene anions does not saturate within the experimentally available microwave power range. We state that the high relaxation rate of the fullerene anion spin is an intrinsic property. A Jahn-Teller type distortion on the fullerene molecule would split the T 1u level and result in two closely spaced energy levels available for the anion [6, 7] . Thermal averaging over such states would provide a dominant relaxation channel for the spin and would account for the linewidth effects as well as the non-saturation in our studies.
Conclusion
Different saturation behaviour of photogenerated paramagnetic species in composites allowed us to separate their contributions to the LESR spectrum. We distinguish between a fast decaying contribution into P + and C 60 -LESR signals and a slowly decaying one. Excitation light intensity dependence of the prompt contributions into LESR signals is of bimolecular type and implies the mutual annihilation within the radical pairs. The unusually high relaxation rate of the fullerene anion spins is possibly arising from a Jahn-Teller type distortion on the fullerene molecule splitting the T 1u level.
